We used a post-embedding ultrastructural immunogold method to localize osteopontin in human gallbladder epithelial cells. This glycoprotein, originally described in bone but recently found to have a much wider distribution in many epithelia and in some mesenchymal cells, was present in the filamentous glycocalyx, small apical cytoplasmic smooth membrane-bound vesicles, large membrane-bound cytoplasmic granules, and in portions of the Golgi complex in gallbladde-r columnar epithelial &. These fmdings suggest that newly synthesized osteopontin is packaged in Golgiderid granules that release their contents by dassical exocytosis from the cell surface. At least a portion of secreted osteopontin r e & on the cell surface, where it becomes integrated into the filamentous glycocalyx mating the luminal surface of gallbladder epithelial cells. (JHistOchem Cgtochem 42:
Introduction
Osteopontin (OPN) is a secreted adhesive glycoprotein with the cell-binding peptide sequence glpine-arginine-glycine-aspartateserine (GRGDS) (1-4). Similar to other proteins with the GRGDS sequence, substrate-bound OPN promotes the attachment and spreading of a variety of cell types, and cell attachment is inhibited by soluble GRGDS-containing peptides (1, 5, 6) . Also consistent with OPN adhesive function, the integrin (1433 has been identified as an OPN receptor on osteoclasts (7) , and OPN is concentrated at regions of bone surface where osteoclasts are anchored (8) . Although there has been a considerable focus on the role of OPN in bone matrix (7-14), t h i s protein is expressed in a variety of other tissues as well (5,10,15-18). In particular, OPN is commonly found along luminal surfaces of epithelium that interface with the external environment, including those of the gastrointestinal tract, gallbladder, pancreas, urinary and reproductive tracts, lung, breast, salivary glands, and sweat glands (5) . This is an unusual distribution for an adhesive protein with a GRGDS cell-binding sequence and one that raises interesting questions regarding the function of OPN at these sites. Therefore, to gain a better understanding of the biology of OPN in epithelium, we used an immunogold labeling Supported by USPHS grants AI-33372, CA-34025. CA-50453, CA-58845, and P30 AM 34854.
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Correspondence to: Ann M. Dvonk, MD, Dept. of Pathology, Beth technique to defiie its subcellular distribution in human gallbladder, a major site of OPN synthesis (5).
Materials and Methods
Samples of five grossly normal human gallbladders were obtained within 45 min of interruption of the blood supply at cholecystectomy. Portions of the fundus and neck of each gallbladder were cut into small pieces and fmed for 2 hr at room temperature (RT) in a mixture of 2.5 % glutaraldehyde and 2% paraformaldehyde buffered at pH 7.4 with 0.1 M sodium cacodylate containing 0.025% calcium chloride.
Tissue Processing. After primary fmtion, tissues were washed in 0.1 M sodium cacodylate bu&r (twice for 5 min) and stored in the same buffer at 4'C for 1 or 2 days. Tissues were then p o s t -f d in 1.33% Os04 in 0.2 M Sym-collidine bu&r, pH 7.4, for 2 hr at RT, washed with 0.05 M sodium maleate buffer, pH 5.2 (three times for 2 min), and stained with 2% uranyl acetate in 0.05 M sodium maleate buffer, pH 6, for 2 hr at RT. Finally, tissues were washed againwith 0.05 M sodium maleate buffer, pH 5.2 (three times for 2 min) and dehydrated through graded ethanols. The samples were infiltrated and embedded in a propylene cmide-Epon 812 sequence and polymerized in Epon 812 at 60'C for 16 hr. Gold to silver thin sections were cut on an LKB IV ultratome (LKB, Bromma, Swcden). The sections were picked up on uncoated gold grids (Pclco; Tustin, CA) and air-dried for 30 min. and (h) two washes with double-distilled water, 5 min each. The grids were air-dried overnight. stained with lead citrate for 4 min and vicwed in a Philips 300 transmission electron microscope (Philips North America; Mahwah, NJ).
Three specificity controls were employed, substituting for primary antibody as follows: (a) primary antibody to oneopontin that had been absorbed with osteopontin purified from human milk, as described (19); (b) irrelevant rabbit IgG at equivalent concentration; and (c) omission of the primary antibody.
In all, 22 blocks prepared from five individual gaIlbladden were used to prepare thin sections for post-embedding immunogold studies. A total of 193 grids containing multiple thin sections were m i n e d by electron microscopy; 47 of these were used for specificity controls and the remainder were labeled with specific antibody to demonstrate OPN.
Results
The epithelium of the gallbladder was composed of a single layer of polarized columnar epithelial cells resting on a basement membrane. (The minor epithelial cell types, termed "pencil cells" and basal cells, together comprising -1% of the total epithelial cells, were not examined extensively in this study.) The apical surfaces of the columnar epithelial cells had many microvilli which were coated with an extensive glycocalyx, a thick layer of matted, branching, narrow filamentous structures attached to the plasma membrane. The glycocalyx labeled intensely with immunogold when stained for osteopontin (Figures 1 and 2) .
Three intracytoplasmic organelles were labeled with gold, indi- cating the presence of osteopontin: apical cytoplasmic smooth membrane-bound vesicles (Figure 3 ). large membrane-bound cytoplasmic granules (Figures 2-4) , and Golgi saccules and vesicles (Figures 4 and 5) . The large membrane-bound cytoplasmic granules were located primarily in the supranuclear portion of epithelial cells and contained a fine particulate and filamentous material of moderate electron density (Figures 2 and 3A) , similar to the structure of the glycocalyx (Figures 1 and 2 ). The content of these granules showed intense immunogold labeling for osteopontin. analogous to that seen in the glycocalyx. In some of these granules there was a single, smaller electron-dense area that was generally not la-beled (Figures 2 and 3B) . Labeling was also observed Over the Golgi complex (Figures 4 and 5) ; gold particles were concentrated in the vesicles and flattened sacs near the trans-Golgi complex (Figure 4) . At the apices of some epithelial columnar cells, large membranebound cytoplasmic granules had fused with the plasma membrane and were releasing their contents to the cell surface ( Figure 6 ). At points of release, the contents of cytoplasmic bodies became more filamentous.
When the primary antibody to osteopontin was absorbed with excess antigen, specific labeling was not observed (Figures 7D and  8C) . Substitution of an irrelevant rabbit IgG for the primary anti- body ( Figures 7C and 8B) or omission of the primary antibody (Figure 7B) also resulted in loss of specific gold labeling (Figures 7A  and 8A ).
Discussion
Our laboratory has previously reported that osteopontin is expressed in a variety of normal human tissues and is preferentially found in association with the luminal surfaces of epithelia lining t !!e gallbladder and bile ducts, gastrointestinal tract, and respiratory tree (5). To define the sites of osteopontin deposition more precisely at the subcellular level, we performed an ultrastructural immunocytochemical study of human gallbladder, a tissue that is particu-larly rich in this protein. We here report that osteopontin in gallbladder columnar epithelial cells is localized to the Golgi complex. to membrane-bound cytoplasmic granules. and to the glycocalyx. Substantial osteopontin labeling was observed within large membrane-bound granules in the cytoplasm; these fused with the apical plasma cell membrane and discharged their contents by exocytosis. The labeled osteopontin within such structures before discharge had a filamentous appearance, as did the material after exocytosis. Some of the exqtosed, osteopontin-labeled filamentous material became attached to the surface microvilli of the cells that secreted it. T&en together, these new findings are fully consistent with our earlier light microscopic study (5) . They are also consistent with the distribution pattern expected of a glycoprotein synthesized for In addition to the subcellular distribution pattern just described, osteopontin was visualized by immunogold labeling in small. membrane-bound cytoplasmic vesicles that were concentrated in apical portions of gallbladder epithelial cells. Cytoplasmic vesicles of this type have been described previously by some (but not by all) investigators in human and rabbit gallbladder epithelium (23-26). Whether these apical vesicles serve primarily a secretory or an endocytotic function for osteopontin is unclear and will require further investigation. The cell coat (or glycocalyx) derives its name from its cxtracellu-Jar location and its high carbohydrate content (27,28). In the gallbladder (23.29-31). it appears as "antennulae microvillares," "fuzzy or fluffy material," and "hair-like projections." Electron microscopic cytochemical studia of rabbit and gerbil gallbladders demonstrate that the glycocalyx contains mucosubstances (24,32). Our studies have now established that osteopontin comprises at least one com-ponent of the gallbladder glycocalyx in humans. Osteopontin is a glycoprotein that contains the cell-binding peptide sequence GRGDS (1-4); this last finding suggests the possibility that osteopontin attachment to the luminal epithelial plasma membrane is mediated by an integrin receptor. To our knowledge, integrins have not been investigated in the gallbladder, but they have been identified along the crypt-villus axis in the human small intestine (33). In an immunofluorescence light microscopic study, apical, lateral, and basilar surfaces of small-bowel epithelial cells were labeled for the presence of integrins (33). Osteopontin is also present in bile. where it takes the form of polymeric, high molecular weight complexes which did not dissociate in sodium dodecyl sulfate, reducing agents, or heat ( 5 ) . For this reason, it seems likely that osteopontin in bile has undergone covalent cross-linking to itself andlor to other bile components ( 5 ) ; it would not be surprising, therefore, if osteopontin incorporated into the glycocalyx had also undergone cross-linking.
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osteopontin incorporated into that glycocalyx, is largely unknown. The gallbladder regulates the composition of bile as the result of absorptive and secretory activities. The filamentous glycocalyx material forms a meshwork which separates the lining epithelium from the luminal contents but evidently allows the bidirectional passage of secreted substances and absorbed solutes. A number of studies indicate that the gallbladder secretes one or more factors which may accelerate the nucleation process in cho- lesterol gallstone formation (34). An increase in the secretory activity of gallbladder epithelium was found in human cholelithiasis and experimental induction of gallstones in animals (23, 3135) . It has been reported that human gallbladder mucin accelerates the nucleation of cholesterol crystals and that cholesterol monohydrate crystal formation occurs in a mucous layer adherent to the gallbladder epithelium (36.37). Therefore, the mucous layer may provide a favorable environment for the nucleation process. Studies of bone development suggest that osteopontin may contribute im-portantly to the initiation of nucleation of mineral and other events concerned with the calcification of bone matrix (38-43). Extrapolating these data to the gallbladder raises the possibility that osteopontin plays an important role in gallstone formation. .
